Toxicity of 1-methyl-4-phenylpyridinium for rat dopaminergic neurons in culture: selectivity and irreversibility.
Cultures of dissociated embryonic rat mesencephalic cells were exposed to 10 microM 1-methyl-4-phenylpyridinium (MPP+), a concentration shown earlier to result in loss of greater than 85% of tyrosine hydroxylase (TH)-positive neurons without affecting the total number of cells observed by phase-contrast microscopy. To characterize better the selectivity of the toxic action of MPP+, other parameters were measured reflecting survival and function of dopaminergic or nondopaminergic neurons. Exposure of cultures to 10 microM MPP+ for 48 h reduced TH activity to 11% of control values without reducing protein levels. [3H]Dopamine uptake was reduced to less than 4% of control values, whereas the uptake of gamma-[3H]aminobutyric acid ([3H]GABA) was not affected in these cultures. This same treatment failed to reduce the number of cholinergic cells visualized in septal cultures and did not affect either choline acetyltransferase activity or high-affinity choline uptake. To assess for possible recovery of dopaminergic neurons, cultures were exposed to 10, 1.0, or 0.1 microM MPP+ for 48 h and then kept for up to 6 days in MPP(+)-free medium. After exposure to 10 microM MPP+, the number of TH-positive neurons, their neurite density, TH activity, and [3H]dopamine uptake remained at constant, reduced levels throughout the period of observation after termination of exposure, whereas GABA uptake remained normal. Treatment with lower concentrations of MPP+, i.e., 1.0 and 0.1 microM, induced less pronounced dopaminergic toxic effects. However, no recovery was seen after posttreatment incubation in toxin-free medium. These findings provide evidence that MPP+ treatment results in highly selective and irreversible toxicity for cultured dopaminergic neurons.